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ABSTRACT
According to a longstanding view, sex diﬀerences in cognitive abilities such as
mental rotation or verbal memory arise from sex diﬀerences in hemispheric
asymmetry: males are thought to be more lateralized than females which
boosts their spatial but hampers their verbal skills. This idea sparked great
interest and, even though it lost support in the 1990s, it is still put forward in
contemporary (popular) scientiﬁc papers and textbooks. We aimed to provide
a comprehensive review that summarizes the last 40 years of research. First,
we conﬁrm previous ﬁndings that the stronger hemispheric asymmetry in
males is very small but robust. Second, we conclude that stronger
hemispheric asymmetry, in general, does not enhance spatial and reduce
verbal performance. Crucially, we carried out a systematic literature review
showing that cognitive sex diﬀerences often emerge in the absence of sex
diﬀerences in hemispheric asymmetry (and vice versa), implying the two
phenomena are at least partly independent of each other. At present, there is
insuﬃcient data to conclude that sex diﬀerences in hemispheric asymmetry
and cognitive performance are uncorrelated. However, we can conclude that
sex diﬀerences in hemispheric asymmetry are certainly not the driving force
behind sex diﬀerences in cognitive functioning.
ARTICLE HISTORY Received 26 March 2018; Accepted 29 June 2018
KEYWORDS Mental rotation; verbal ﬂuency; verbal memory; lateralization; gender diﬀerence
A meta-synthesis (i.e., a meta-analysis of meta-analyses) based on 12 million
participants revealed that the male advantage in mental rotation is the
second largest sex diﬀerence in the psychological literature (Zell, Krizan, &
Teeter, 2015) – only topped by males rating themselves more masculine
than females. Other, smaller cognitive sex diﬀerences with – on average –
better female or better male performance are also well documented (for
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review Halpern, 2012; Kimura, 2000). In general, these sex diﬀerences are the
exception rather than the rule: In most cognitive tasks males and females
perform equally well and when sex diﬀerences emerge there is substantial
overlap in cognitive performance (Hyde, 2005, 2014). However, even small
eﬀects can be highly relevant if, for instance, sex-sensitive tasks are utilized
in job recruitment (Rosenthal & Rubin, 1982). Moreover, cognitive sex diﬀer-
ences have been suggested to be one of many reasons why females are
underrepresented in science, technology, engineering, and mathematics
(for a comprehensive review see Ceci, Williams, & Barnett, 2009) and why
boys and girls should be taught in single-sex environments (but see the
review by Halpern et al., 2011). The study of cognitive sex diﬀerences is
thus highly relevant for both the individual and for the society at large.
There is consensus that theorigins of cognitive sex diﬀerences are a complex
mixture of nature and nurture (Miller & Halpern, 2014), but the underlying
neural mechanisms are still unknown. In the 1970s a popular idea was put
forward according towhich cognitive sex diﬀerences arise froma sexdiﬀerence
in brain asymmetry. Speciﬁcally, Jerre Levy (1972, 1978) proposed that males
have a more asymmetric brain organization where the left hemisphere
would be clearly specialized for verbal processing and the right hemisphere
for spatial processing. In females, the brain would be more “bilateral”, that is,
both the left and the right hemispherewould be carrying out verbal processing.
As a consequence, the more asymmetric, male brain would be superior for
spatial skills and the more bilateral, female brain would be superior for verbal
skills (see an illustration in Figure 1). Several similar theories have been put
forward, all sharing the basic idea, namely that sex diﬀerences in cognitive abil-
ities arise from sex diﬀerences in hemispheric asymmetry. This idea became
very popular: Numerous studies examined the relationship between sex, hemi-
spheric asymmetry, and cognitive abilities; popular science and textbooks
frame it as a very likely explanation (e.g., Kimura, 2000; Springer & Deutsch,
1993) and although the enthusiasm has declined over the years, the idea fea-
tures in contemporary articles about cognitive sex diﬀerences (Grabowska,
2017; Pletzer, 2014). We aim to provide a critical, comprehensive review that
summarizes the empirical evidence. As a starting point, we take Levy’s original
theory (henceforth referred to as Levy’s hypothesis), since it is by far the most
popular variant, but as will hopefully become clear during this review our con-
clusions apply to the general idea that sex diﬀerences in cognitive abilities arise
from hemispheric asymmetry.
We think such a review is timely for two reasons. First, earlier critique has
been insuﬃcient to dismiss the idea. In the 1990s and 2000s behavioural and
neuroimaging data accrued showing that the stronger male lateralization is
very small, if any (for a more detailed discussion see section “Do Males
Have More Asymmetric Brains?” below). This led some researchers to question
Levy’s hypothesis because it seemed improbable that such a small sex
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diﬀerence could account for the sizeable male advantage in mental rotation
(e.g., see p. 238 in Halpern, 2012). We share the critique but even though it
seems unlikely, it is not enough to disprove Levy’s hypothesis. First, there
are examples where small sex diﬀerences turn out to be a tip of the
iceberg. For instance, Del Giudice, Booth, and Irwing (2012) demonstrated
how sex diﬀerences in personality that were believed to be small and insigniﬁ-
cant are in fact quite large when appropriate methodology and statistical
Figure 1. Simpliﬁed model of Levy’s hypothesis. Males have stronger hemispheric
specialization for verbal and spatial abilities than females. The stronger specialization
enhances spatial abilities while the more bilateral organization enhances verbal abilities.
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tools are used. Secondly, there are examples where a small sex diﬀerence in
the brain can have far-reaching behavioural consequences. For example,
the third interstitial nucleus of the anterior hypothalamus (INAH-3) is “a sub-
division of a subdivision of the medial preoptic nucleus, itself a relatively small
brain region” (McCarthy, 2016, p. 3) with an overall volume of approximately a
tenth of a mm (Garcia-Falgueras & Swaab, 2008). It is, however, consistently
larger in males than in females and by many believed to play a crucial role
for sexual identity and, perhaps, also sexual orientation (for review Balthazart,
2016; McCarthy, 2016). Thus, in order to falsify Levy’s hypothesis, it is insuﬃ-
cient to look at the magnitude of the sex diﬀerence in hemispheric asymme-
try. It is also necessary to review the empirical evidence for whether sex
diﬀerences in cognitive performance depend on sex diﬀerences in hemi-
spheric asymmetry and how hemispheric asymmetry and cognitive perform-
ance are associated in males and females, in general. This, to our knowledge,
has not been done so far.
Secondly, the introduction of functional neuroimaging techniques, like
positron emission tomography (PET) and especially functional magnetic
resonance imaging (fMRI), allowed for more direct assessment of hemi-
spheric asymmetry, putting us now in a better position to test Levy’s
hypothesis directly. For example, a number of large-scale neuroimaging
studies have addressed sex diﬀerences in hemispheric asymmetry (e.g.,
Guadalupe et al., 2015; Hirnstein, Westerhausen, Korsnes, & Hugdahl,
2013; Plessen, Hugdahl, Bansal, Hao, & Peterson, 2014; Sommer, Aleman,
Somers, Boks, & Kahn, 2008) and how hemispheric asymmetry relates to
cognitive performance (e.g., Gotts et al., 2013; Mellet, Zago, et al., 2014).
In pre-neuroimaging times, Levy’s hypothesis was typically investigated
by using handedness as an indicator for laterality (e.g., Harshman,
Hampson, & Berenbaum, 1983; Sherman, 1979) but as we will see below
this approach has limitations.
We have divided this review into six parts. First, we describe the origin
and background of the Levy idea that sex diﬀerences in hemispheric asym-
metry give rise to cognitive sex diﬀerences. Then, we examine the empirical
evidence for four underlying assumptions: (1) Do males and females really
have better spatial and verbal skills, respectively? (2) Do males have a
more asymmetric brain organization than females? (3) Does stronger hemi-
spheric asymmetry, in general, promote spatial but impede verbal perform-
ance? (4) Are cognitive sex diﬀerences dependent upon sex diﬀerences in
hemispheric asymmetry? Finally, we provide suggestions for future research
(a) how the links between hemispheric asymmetry, sex, and cognitive per-
formance can be unravelled and (b) how better models that seek to
explain the underlying neural mechanisms of cognitive sex diﬀerences can
be developed.
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Background and origins of Levy’s hypothesis
All major cognitive, sensory and motor functions, including language, atten-
tion, learning, memory, perception, emotional processing, tool use, and ﬁne
motor control involve the processing capacities of both hemispheres. To
some extent, however, these functions are “lateralized”. That is, one hemi-
sphere is specialized and plays a dominant role (for review Davidson &
Hugdahl, 1995; Hellige, 1993; Ocklenburg & Güntürkün, 2018) relative to the
other hemisphere. This is collectively called “hemispheric asymmetry”, “hemi-
spheric specialization” or “lateralization”. Those functional hemispheric asym-
metries can also be found on structural and neurochemical level, making
lateralization a fundamental principle of human brain organization (Rogers,
2014).
The best documented asymmetry is the left-hemispheric specialization for
language, ﬁrst described by Dax (1836), which was subsequently corroborated
in numerous studies in both the intact and lesioned brain (Hellige, 1993). At
around the same time, Jackson (1864; as cited by Bogen & Gazzaniga, 1965)
was among the ﬁrst to suggest that the right hemisphere may be specialized
for perception and, indeed, the experiments with split-brain patients led by
Roger Sperry (Gazzaniga, Bogen, & Sperry, 1962; Sperry, 1968) conﬁrmed a
right-hemispheric dominance for visuospatial processing (Bogen & Gazzaniga,
1965). Jerre Levy then asked the question whether it would be detrimental to
spatial abilities, if the right-hemisphere also hosted verbal functions. Assum-
ing that left-handers would represent a group with such a bilateral language
representation, she tested 15 right- and 10 left-handers (all were students at
the California Institute of Technology) with the Wechsler Adult Intelligence
Scale (Levy, 1969). The left-handers had a slightly higher verbal intelligence
quotient (IQ) than right-handers (142 versus 138), while right-handers had a
higher performance IQ (140 versus 117). Levy reasoned that because left-
handers have verbal functions in both hemispheres there would be less
neural space for spatial functions in the right-hemisphere. In other words,
the verbal functions would “crowd” the right hemisphere – hence, her
theory became later known as the “crowding hypothesis”. In right-handers,
however, there would be a clear division of labour (i.e., left-hemisphere =
verbal functions, right-hemisphere = spatial functions), and this more asym-
metric organization would be superior for spatial abilities.
The ﬁnal step was to apply the crowding hypothesis to males and females.
Lansdell (1961) had previously suggested that females had a more bilateral
language representation than males, based on unilateral lesion studies. More-
over, Levy was aware of ﬁndings showing superior spatial abilities in males
(MacFarlane Smith,, 1964). She concluded: “It is hard to reject the notion that
a spatial-perceptive deﬁcit in women is a sex-linked, genetically determined inca-
pacity, an incapacity which possibly results from hemispheres less well laterally
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specialized than those of males” (Levy, 1972, p. 174). Similarly, Witelson (1976)
conducted a study where children aged 6-13 yrs were asked to identify shapes
out of view with either their left or right hand. She found that boys showed a
consistent left-hand advantage, which she interpreted as indicative of a right-
hemispheric bias in spatial processing, while girls did not show any hand
eﬀect and suggested: “The superiority of males to females on many, although
not all, spatial tests [… ] may be related to the hypothesized neural dimorphism
[in hemispheric asymmetry]” (Witelson, 1976, p. 426). A re-analysis of Levy’s
(1969) handedness data revealed signiﬁcantly higher verbal IQ in left-
handers as compared to right-handers (Levy, 1974), leading Levy (1978) to
conclude that the more bilaterally lateralized verbal functions in females
would give rise to superior verbal abilities.
Levy’s hypothesis is the most popular but not the only attempt to explain
cognitive sex diﬀerences with hemispheric asymmetry. For example, at
around the same time Buﬀery and Gray (1972) argued that females, in contrast
tomales, have amore asymmetric brain organization. Speciﬁcally, the left-hemi-
spheric language specialization would develop earlier in females and facilitate
verbal skills, while the more bilateral organization in males would be beneﬁcial
for spatial skills. The Buﬀery and Gray hypothesis was quickly dismissed on the
grounds that, if a sex diﬀerence in hemispheric specialization emerged, it typi-
cally showed stronger lateralization inmales (McGlone, 1980).Waber (1976) also
linked earlier maturation in girls to sex diﬀerences in hemispheric asymmetry
and cognitive abilities: She reported that early maturing individuals performed
better at verbal tasks while latematuring individuals performed better at spatial
tasks. The late maturing individuals also had stronger hemispheric asymmetry,
as assessed with dichotic listening, which is in line with Levy’s claim that stron-
ger lateralization enhances spatial skills. These diﬀerences between early and
late maturing individuals, however, were regardless of sex, leading Waber to
conclude that the sex diﬀerence in cognitive tasks mediated by hemispheric
asymmetry is not somuch about sex but rather about diﬀerences inmaturation.
Finally, Levy’s hypothesis is often tied to the idea that females have larger
corpora callosa thanmales – relative to body size –which would facilitate inter-
hemispheric transfer and result in amore bilateral brain organization in females
and a more asymmetric organization in males (e.g., Grabowska, 2017). Thus,
Levy’s hypothesis is part of a larger framework that tied hemispheric asymmetry
to sex diﬀerences in cognitive abilities.
This framework grew further in popularity when neurobiological theories
emerged in the 80s that sought to explain what could cause sex diﬀerences
in hemispheric asymmetry. For instance, it was suggested that testosterone
has a masculinizing eﬀect which “lateralizes” the brain (Hines & Gorski,
1985, 1985; see also Smith & Hines, 2000) and that testosterone reduces inter-
hemispheric connectivity via the corpus callosum leading to increased latera-
lization (Witelson, 1991). The most inﬂuential theory at that time (Geschwind &
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Galaburda, 1985) posited that testosterone slows down the maturation of the
left hemisphere leading to a relatively more developed right-hemisphere and,
thus, superior spatial and inferior verbal abilities in males. Note that contrary
to Levy’s hypothesis the Geschwind & Galaburda theory would also predict
males to be less left-lateralized for language than females. None of the the-
ories outlined above, however, has received suﬃcient empirical support
(Bryden, McManus, & Bulman-Fleming, 1994; Pfannkuche, Bouma, &
Groothuis, 2009). Several studies reported an association between sex hor-
mones and hemispheric asymmetry (for review Hausmann, 2017; Hausmann
& Bayer, 2010; Pfannkuche et al., 2009). However, as a consequence of incon-
sistent ﬁndings, we still do not know exactly, how sex hormones are involved
in orchestrating the functional and anatomical specialization of the two hemi-
spheres (for review Hausmann, 2017; Hausmann & Bayer, 2010; Pletzer, 2014).
A ﬁrst critical look
Before we turn to the empirical support for Levy’s hypothesis, already at this
stage a few critical issues can be raised. First of all, it is important to bear in
mind that Levy was mostly interested in the evolution of hemispheric asym-
metry, not the origins of cognitive sex diﬀerences. The idea that the two
phenomena could be linked is mentioned “en passant” in a book chapter
on what advantages an asymmetric brain might have bestowed on
humans, seen in an evolutionary perspective. Secondly, she did not directly
test the association between sex diﬀerences in hemispheric asymmetry and
cognitive performance since all participants were male (Levy, 1969), but
given the scientiﬁc knowledge and zeitgeist at that time her conclusions
were plausible and logically sound. From what we know today, the data in
the Levy (1969) paper have been over-interpreted: Levy took the higher
verbal and lower spatial performance of left-handers as evidence for the
notion that a bilateral brain enhances verbal skills (and hampers spatial
skills). This rests on the idea that left-handers are more bilaterally organized
than right-handers. However, this is only partly true. Left-handers are more
likely to have a bilateral language representation (ca. 15%) than right-
handers (ca. 4%), but the majority of both left- (ca. 70%) and right-handers
(ca. 96%) are left lateralized – the remaining 15% left-handers have rightward
language lateralization (Rasmussen & Milner, 1977; for review Carey & John-
stone, 2014). If one applies those numbers to Levy’s sample (Levy, 1969),
then only one or two left-handers (i.e., 15%, n = 10) should have had bilaterally
organized brains. Could this explain a signiﬁcant mean diﬀerence of 23 IQ
points between left- and right-handers? Obviously, bilateral brain organiz-
ation is far less common in left-handers than Levy assumed; suggesting
factors other than hemispheric asymmetry must have been behind the
observed handedness eﬀect. Another important lesson from the distribution
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of language lateralization in left- and right-handers is that handedness is only
a very coarse proxy for hemispheric asymmetry (for review Ocklenburg, Beste,
Arning, Peterburs, & Güntürkün, 2014). For example, Van der Haegen, Wester-
hausen, Hugdahl, and Brysbaert (2013) found that on group level language
dominance (as assessed with fMRI) is more reliably predicted by dichotic lis-
tening than by handedness. Thus, studies aiming to verify or falsify Levy’s
hypothesis should employ more direct lateralization assessment methods.
Nevertheless, these shortcomings do not directly contradict the possibility
that a more bilateral female brain organization enhances verbal performance,
and a more asymmetric male brain organization enhances spatial
performance.
Do cognitive sex diﬀerences exist?
Before discussing the role of hemispheric asymmetry, it needs to be estab-
lished ﬁrst whether males actually outperform females and females outper-
form males in spatial and verbal tasks, respectively. As pointed out above,
the largest and most researched cognitive sex diﬀerence is observed in
mental rotation. Myriads of studies and meta-analyses unanimously reveal a
male advantage typically between Cohen’s d = 0.56 (Voyer, Voyer, & Bryden,
1995; Zell et al., 2015) and d = 0.73 (Linn & Petersen, 1985). The most wide-
spread mental rotation test was developed by Vandenberg and Kuse (1978;
for a revised version Peters et al., 1995) and comprises 3-dimensional cube
ﬁgures designed by Shepard and Metzler (1971). Better male performance
has also been documented in a group of tasks that assesses “understanding
abstract spatial principles, such as horizontal invariance or verticality” (Uttal
et al., 2013, p. 355) or in the terminology of Linn and Petersen (1985) spatial
perception. Typical spatial perception tasks are the Water Level Test in
which participants draw a line in tilted bottles to indicate the (horizontal)
water orientation (Vasta & Liben, 1996) or the Benton Line Orientation task
in which participants have to match lines with diﬀerent angles (Benton,
Varney, & Hamsher, 1978). The male advantage lies between d = 0.48 (Voyer
et al., 1995) and d = 0.64 (Linn & Petersen, 1985). Males also fare slightly
better on tasks that require “perceiving objects, paths, or spatial conﬁgur-
ations amid distracting background information” (Uttal et al., 2013, p. 355).
For instance, in the Embedded Figures Test an object like a triangle needs
to be found within a larger, complex ﬁgure (Witkin, Oltman, Raskin, & Karp,
1971). Sometimes, objects also need to be mentally transformed like in the
Paper Folding Test, where participants are asked to imagine what cube
ﬁgures that are ﬂattened out would look like if they were folded (e.g., Harsh-
man et al., 1983). However, the male advantage in this group of tasks, some-
times labelled spatial visualization (Linn & Petersen, 1985), is small with d =
0.13 to d = 0.19 (Linn & Petersen, 1985; Voyer et al., 1995). Finally, males
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Figure 2. Overview of cognitive sex diﬀerences. Tasks favouring males (A) Redrawn Van-
denberg and Kuse Mental Rotation Test: Which of the four stimuli are identical but
rotated versions of the target ﬁgure? (with permission from Peters et al., 1995) (B)
Paper folding test: Do the two arrows meet when the cube is folded? (adapted from
Shepard & Feng, 1972) (C) Water level test: A line representing the water level needs
to be drawn into the empty jar. Tasks favouring females (D) Object location memory
test: Which items have changed its position? (adapted from Silverman & Eals, 1992)
(E) Verbal ﬂuency: Generate as many words as possible that start with the letter “F” or
“A”. (F) Verbal memory: How many words from a list can be recalled?
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appear to perform better in mechanical reasoning, which typically involves
predicting the behaviour of pulleys or gears (d = 0.76; Feingold, 1988).
However, at present there is too little data available and this group of tasks
might simply represent a special case of spatial visualization. For an illustration
of some of the tasks that yield cognitive sex diﬀerences, see Figure 2.
Although, in general, males appear to have better spatial abilities, at least
one task that is often deemed to be spatial reveals a female advantage: object
location memory. In a typical object location memory task participants are
asked to remember the identity and/or position of multiple objects on a
sheet of paper (e.g., Silverman & Eals, 1992) or computer display. According
to a meta-analysis by Voyer, Postma, Brake, and Imperato-McGinley (2007),
there is a small but consistent female advantage (d = 0.27), which is depen-
dent, however, on a number of factors including the participants’ age and
the type of object to be memorized. Moreover, there are claims that
females excel in this task because they encode the objects (and their position)
verbally. That is, the female advantage may not necessarily reﬂect better
spatial but rather better verbal memory (Choi & L’Hirondelle, 2005; Eals & Sil-
verman, 1994).
Indeed, a female advantage in verbal memory is well-documented. For
instance, when asked to retrieve a list of words, females outperform males
by typically about d = 0.30 (e.g., Bleecker, Bolla-Wilson, Agnew, & Meyers,
1988; Herlitz, Reuterskiöld, Lovén, Thilers, & Rehnman, 2013; Kramer, Delis,
Kaplan, Odonnell, & Priﬁtera, 1997; Lowe, Mayﬁeld, & Reynolds, 2003). A
similar female advantage in terms of magnitude (d = 0.33; Hyde & Linn,
1988) has been reported for verbal ﬂuency – typically tested by asking partici-
pants to generate as many words as possible that fulﬁl a certain criterion (e.g.,
words starting with the letter “P”). Finally, females appear to excel in tasks
related to reading achievement. Although previous meta-analyses found
rather small female advantages (Hedges & Nowell, 1995; Hyde, 2005), the Pro-
gramme for International Student Assessment (PISA) revealed that 15 year old
girls consistently outperformed their male counterparts across 65 nations by
an overall d = 0.44 (Reilly, 2012).
A huge and controversial topic is cognitive sex diﬀerences inmathematical
abilities. For a comprehensive review we refer to the article by Ceci et al.
(2009). Our very general conclusion from several meta-analyses in this ﬁeld
is that (a) in school, females obtain better marks (Voyer & Voyer, 2014), (b)
in aptitude tests, there are minor male advantages but sex diﬀerences are
fairly small on average (Else-Quest, Hyde, & Linn, 2010; Hyde, Lindberg,
Linn, Ellis, & Williams, 2008), (c) at the high end of mathematical performance,
males are consistently overrepresented (Stoet & Geary, 2013). It has been
suggested that the male advantage at the higher end of mathematical abil-
ities are based on better spatial skills in males (Casey, Nuttall, & Pezaris,
1997; Geary, 1996).
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So far, we focused on cognitive areas in which males and females diﬀer and
all those sex diﬀerences have been replicated repeatedly and are based on
data from meta-analyses and large-scale studies (for more comprehensive
reviews Halpern, 2012; Hyde, 2014; Kimura, 2000; Jäncke, 2018). Yet, the
majority of cognitive skills, including spatial and verbal skills, do not show sig-
niﬁcant sex diﬀerences (Hyde, 2005, 2014) andwewould like to emphasize that
there is large consensus that there are no sex diﬀerences with respect to
general intelligence (Halpern, 2012). Themagnitude and direction of sex diﬀer-
ences in those speciﬁc, cognitive tasks are also highly malleable: Changes over
time (Wai, Cacchio, Putallaz, & Makel, 2010), training eﬀects (e.g., Uttal et al.,
2013), culture, and contextual factors such as solution strategies, task format,
conﬁdence, and time restrictions are some of the many variables that can
alter the male or female advantage (for review Halpern, 2012; Jäncke, 2018).
For example, several studies found that playing computer games more fre-
quently is related to the male advantage in mental rotation (Feng, Spence, &
Pratt, 2007; Terlecki & Newcombe, 2005). However, such sociocultural factors
cannot explain all ﬁndings in the literature as a study by Lippa, Collaer, and
Peters (2010) illustrates: Males had on average higher mental rotation scores
than females in all of the 53 countries where participants were tested – this
is diﬃcult to explain purely with socio-cultural factors. On the other hand,
the magnitude of the male advantage varied substantially across those
countries – this is diﬃcult to explain purely with biological factors. According
to Halpern’s “psychobiosocial model” (2012; Halpern & Tan, 2001), a complex
interplay of psychological, biological, and social factors gives rise to cognitive
sex diﬀerences (see also Hausmann, Schoofs, Rosenthal, & Jordan, 2009).
Finally, one should also point out that, in general, males tend to show
higher variability in performance than females both within a single cognitive
task and across several cognitive tasks. That is, males are more likely to be
found at the higher and lower end of performance in a single task and they
are more likely to perform well in one cognitive task but poorly in another
whereas the pattern is more consistent in females (e.g., Roalf et al., 2014).
Despite all these caveats, it seems fair to conclude that – as Levy (1972) did
– if cognitive sex diﬀerences arise, they tend to be such that males excel in
certain spatial and females in certain verbal tasks. The fact that many
spatial and verbal tasks do not show any sex diﬀerence, however, illustrates
that a clear male/spatial and female/verbal divide is an oversimpliﬁcation.
Do males have more asymmetric brains?
The idea that females have a more bilateral brain organization than males
dates back at least to 1879 when James Crichton-Browne weighed the
brains of deceased asylum inmates and found that “[…] the tendency to sym-
metry in the two halves of the cerebrum is stronger in women than in men”
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(Crichton-Browne, 1879, p. 65). The aforementioned lesion study by Lansdell
(1961) sparked a great interest in sex diﬀerences in hemispheric asymmetry
and 20 years later McGlone (1980) concluded in an often-cited review
article: “Nevertheless, there is an impressive accummulation of evidence
suggesting that the male brain may be more asymmetrically organized than
the female brain” (p. 215). More recent evidence, particularly from neuroima-
ging, however, is far more nuanced than textbooks (“Females are less latera-
lized than males”, Springer & Deutsch, 1993, p. 212) and popular science
media (“Women use their whole brain, men just half of it”, Anitei, 2007)
suggest.
Myriads of studies investigated sexdiﬀerences inhemispheric asymmetry and
numerous studies revealed stronger asymmetry in males (Chance, Casanova,
Switala, & Crow, 2006; Hausmann et al., 1998; Proverbio, Riva, Martin, & Zani,
2010; Shaywitz et al., 1995), although null-ﬁndings (Boles, 2005; Frost et al.,
1999; Knecht et al., 2000), and even stronger asymmetry in females were also
reported (Kaiser, Kuenzli, Zappatore, & Nitsch, 2007; Ladavas, Umiltà, & Ricci-
Bitti, 1980). A ﬁrst attempt to quantitatively review the empirical evidence was
undertaken by Merrill Hiscock and colleagues in a series of studies from the
1990s. They counted how many studies showed stronger male, stronger
female, or no asymmetry diﬀerence in the auditory (Hiscock, Inch, Jacek, Hiscock-
kalil, & Kalil, 1994), visual (Hiscock, Israelian, Inch, Jacek, & Hiscockkalil, 1995), and
tactile modality (Hiscock, Inch, Hawryluk, Lyon, & Perachio, 1999) as well as dual
task interference (Hiscock, Perachio, & Inch, 2001). Hemispheric asymmetry was
mostly assessed behaviourally, that is, reaction times and accuracy rates derived
from visual half-ﬁeld tasks and dichotic as well as dichaptic stimulation (i.e., uni-
lateral presentationof tactile stimuli). Theauthors concluded that there is “a small
but reliable population-level sex diﬀerence [ favoring males]” (Hiscock et al., 2001,
p. 137). The ﬁrst meta-analysis utilizing a more contemporary approach with
eﬀect sizes was carried out by Voyer (1996). He too found stronger hemispheric
asymmetry in males across a range of visual, auditory, and tactile laterality tasks
that were assessed behaviourally. Again, while statistically signiﬁcant themagni-
tude of this sex diﬀerence was very small, explaining less than 0.1% of variance.
These ﬁndings were corroborated by a follow-up meta-analysis that only exam-
ined dichotic listening (Voyer, 2011).
As their numbers increased, neuroimaging ﬁndings were also included in
meta-analyses. Vogel, Bowers, and Vogel (2003), for example, speciﬁcally
investigated the lateralization of spatial tasks based on both behavioural
and neuroimaging ﬁndings. They found a signiﬁcant right-hemispheric bias
for males and no clear hemispheric specialization in females. Iris Sommer
and colleagues (Sommer, Aleman, Bouma, & Kahn, 2004; Sommer et al.,
2008) then further focused on neuroimaging ﬁndings in two meta-analyses
on language lateralization: The ﬁrst study examined functional neuroimaging
methods, that is, functional transcranial Doppler Sonography (fTCD), fMRI, and
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PET (Sommer et al., 2004); the second study explored structural asymmetry of
the planum temporale area and functional language asymmetry with dichotic
listening (Sommer et al., 2008). Except for stronger male asymmetry in conso-
nant vowel dichotic listening tasks, neither study yielded any signiﬁcant sex
diﬀerences. Sommer (2010) concluded that sex diﬀerences in hemispheric
asymmetry do not exist. She further noted that the small male bias reported
by her and other meta-analyses (Sommer et al., 2008; Vogel et al., 2003; Voyer,
1996, 2011) could be the result of publication bias and that large-scale studies
with suﬃcient power to detect subtle eﬀects were missing (Sommer, 2010).
Such large-scale studies have been published in the meantime. More than
900 participants completed a smartphone application with a dichotic listening
test (Bless et al., 2015). They were presented with two diﬀerent consonant–
vowel syllables, one in the right ear and the other simultaneously in the left
ear (e.g., /ba/ to the left and /ta/ to the right ear). When instructed to report
the sound they heard best or most clearly, participants typically reported the
syllable from the right ear, reﬂecting left-hemispheric language dominance
(for review Hugdahl, 1995). This right ear advantage was stronger in males
than females (Bless et al., 2015). Kenneth Hugdahl at the University of Bergen
set up a database with the same dichotic listening test, applied under more
controlled experimental conditions in several laboratories around the world
for over more than 20 years (Hugdahl, 2003). In a subsample of this database,
comprising behavioural data from 1782 participants and 100 participants
with behavioural and fMRI data, it was found that, behaviourally, there were
no signiﬁcant diﬀerences between males and females (d = 0.02). When
broken down by age, males were more lateralized than females in children
<10 yrs (d = 0.16), young adults between 16–50 yrs (d = 0.13,) and older
adults > 50 yrs (d = 0.07). However, this diﬀerence was only signiﬁcant in
young adults, the largest sub sample (n = 839, one-tailed, 0.6% explained var-
iance). In young adolescents (10–15 yrs), females were in fact more lateralized
thanmales (d =−0.23, 1% explained variance). Therewere no sex diﬀerences in
the fMRI data (Hirnstein et al., 2013). The stronger lateralization is likely based
on an earlier onset of puberty and thus brainmaturation in female adolescents.
In general, language lateralization has been found to change with age: latera-
lization gradually increases from early childhood till adolescence, appears to
peek at young adulthood and declines in older adults (for review Rosselli,
Ardila, Matute, & Velez-Uribe, 2014). The fact that language lateralization is
most pronounced in young adults might also explain why the sex diﬀerence
in behavioural language lateralization was strongest in that age group.
Two earlier fMRI studies with samples between ca. 100 and 300 participants
also did not detect sex diﬀerences in hemispheric asymmetry (Frost et al.,
1999; Knecht et al., 2000). However, a structural MRI study with three datasets
comprising 2337, 935, and 888 participants found a stronger leftward asym-
metry of the planum temporale in males (Guadalupe et al., 2015) with
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eﬀect sizes between d = 0.04–0.38. In addition, the authors carried out a
genome wide association study and were able to link planum temporale
asymmetry to genes involved in steroid hormone receptor activity and
steroid metabolic processes corroborating that sex hormones may play a
crucial role for the development of sex diﬀerences in hemispheric asymmetry.
Taken together, the ﬁndings from meta-analyses (for an overview, see
Table 1) as well as large scale behavioural and functional neuroimaging
studies paint a very coherent picture across diﬀerent forms of lateralization
assessment and sensory modalities: In our view, stronger hemispheric asym-
metry in males is not the result of a publication bias – it truly exists. However,
regardless of how hemispheric asymmetry is assessed – whether behaviour-
ally or with neuroimaging – the eﬀect sizes are very small, on the order of
d = 0.05–0.15, which can be reliably detected only with meta-analyses and
large-scale studies.
Does a bilateral brain generally enhance verbal performance?
If males perform better on spatial tasks because they have a more asymmetric
brain, and if females perform better in verbal tasks because they have a more
bilateral brain, then the underlying assumption is that, in general (i.e., in both
males and females), stronger lateralization is associated with superior spatial
and inferior verbal processing. We now evaluate the evidence for this assump-
tion, presented according to how lateralization was determined.
Table 1. Overview of meta-analyses on sex diﬀerences in hemispheric asymmetry,
pointing to an overall slightly stronger lateralization in males.
Study
Laterality
assessment
Sensory
modality Function N
Cohen’s
d
Voyer
(1996)
Dichotic listening,
visual half-ﬁeld
and dichaptic
stimulation
Visual
Auditory
Tactile
Verbal
Non-verbal
Verbal
Nonverbal
Verbal
Non-verbal
21197
(10567
males,
10567
females)
+0.06
+0.08
+0.06
+0.07
+0.13
+0.16
Sommer
et al.
(2004)
fMRI, PET, fTCD Auditory/
verbal
Speech production &
comprehension
819
(377 males,
442 females)
+0.21
Sommer
et al.
(2008)
fMRI, PET, fTCD
Dichotic listening
MRI, post mortem
analyses
Auditory/
verbal
Auditory
n/a
Speech production &
comprehension
Verbal
Planum temporale
asymmetry
2151
3822
807
+0.01
+0.09
−0.11
Voyer
(2011)
Dichotic listening Auditory Verbal nonverbal
combined
17437
(8766 males
8671
females)
+0.05
Notes: Positive Cohen’s d indicate stronger asymmetry in males, negative values indicate stronger asym-
metry in females; (f)MRI = (functional) Magnetic Resonance Imaging, fTCD = functional transcranial
Doppler sonography, PET = Positron Emission Tomography.
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Handedness data
As pointed out above, Levy (1969) found better spatial performance in right-
handers and better verbal performance in left-handers, which she attributed
to a more bilateral brain organization in left-handers. Apart from the fact that
she probably overestimated the impact of bilateral left-handers in her sample,
most replication attempts were unsuccessful. Already in 1979, Sherman dis-
missed claims by Levy (1974) that her ﬁndings were replicated and listed
several studies, alongside her own (Sherman, 1979) that yielded diﬀerent
results.
In subsequent years, several studies addressed the relationship between
cognitive abilities and handedness. According to Mellet, Jobard, et al.
(2014), these studies can be broadly divided into three categories: The ﬁrst
shows that right-handers consistently obtain higher scores on cognitive
tasks than left-handers (Johnston, Nicholls, Shah, & Shields, 2009; Nicholls,
Chapman, Loetscher, & Grimshaw, 2010). The second line of ﬁndings did
not ﬁnd diﬀerences between left- and right-handers but found diﬀerences
between participants with weak and strong hand preferences. Thus, handed-
ness strength rather than handedness direction seems to matter. For example,
two large-scale studies reported generally lower cognitive performance in
mixed-handers compared to participants with consistent left- or right-hand
preference (Corballis, Hattie, & Fletcher, 2008; Crow, Crow, Done, & Leask,
1998; Leask & Crow, 2006). Annett (1992, 1995), on the other hand, argued
that mixed-handers would have inferior verbal skills while individuals with
strong hand preferences would have inferior spatial skills (but see
McManus, Shergill, & Bryden, 1993). The third line of ﬁndings, based on the
“BBC internet study” comprising ca. 250.000 participants, revealed an “M”-
shaped relationship between handedness and mental rotation scores: That
is, on a continuum from strong left- to strong right-handedness those individ-
uals that were strong left-handers, had no hand preference at all, or were
strong right-handers obtained rather low scores, while participants with inter-
mediate left and right hand preferences got relatively high scores (Peters,
Reimers, & Manning, 2006). Mellet, Jobard, et al. (2014) found that familial
left-handedness together with mixed hand preference was related to
poorer verbal and spatial abilities. The most recent study on handedness
and intelligence, a meta-analysis comprising data from more than 60.000 par-
ticipants (Ntolka & Papadatou-Pastou, 2018), revealed a mildly higher IQs for
right- as compared to left-handers with d = 0.07.
Taken together, the literature is quite inconsistent regarding handedness
and cognitive performance and it is diﬃcult to ascertain how handedness
and cognitive abilities are associated. This may be the consequence of large
methodological variability in handedness assessment. Handedness can be
deﬁned on the basis of hand preference, hand skill or physical strength and
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several diﬀerent self-report and behavioural tools are in use (Beaton, 1985).
However, none of the major trends in the ﬁndings described above is consist-
ent with Levy’s (1969) results.
Behavioural laterality data
A comprehensive analysis of how behaviourally assessed hemispheric asym-
metry and cognitive performance are associated was provided by Boles,
Barth, and Merrill (2008). They examined several visual half-ﬁeld and dichotic
listening tasks assessing various verbal and spatial abilities and correlated the
degree of asymmetry in those tasks with the accuracy and reaction times.
Here too the ﬁndings were heterogeneous. Some verbal tasks, particularly
those that were assessed with dichotic listening, showed that performance
increased as the left-hemispheric language bias became stronger (for replica-
tion see Barth, Boles, Giattina, & Penn, 2012; Hirnstein, Hugdahl, & Hausmann,
2014). However, verbal tasks that were assessed with the visual half-ﬁeld para-
digm (e.g., lexical decisions) were better performed by participants with a
more symmetric language representation (for replication Hirnstein et al.,
2014; but see Chiarello, Welcome, Halderman, & Leonard, 2009). Similarly,
tasks that tapped into what were named “spatial quantitative” functions
yielded positive asymmetry-performance correlations, whereas negative cor-
relations emerged in “spatial positional” tasks (Boles et al., 2008) – both
assessed with the visual half-ﬁeld paradigm. A neurodevelopmental model
was put forward according to which functions that lateralize very early
(until 5 years of age) and very late in the ontogenetic development (after
11 years of age) yield positive asymmetry-performance correlations. Functions
that lateralize at intermediate stages on the other hand would show negative
correlations (Boles et al., 2008).
Neuroimaging data
Consistent with Levy’s idea, a smaller fMRI study (N = 14) found that stronger
right-hemispheric activation during a dichotic listening task – and therefore a
more bilateral language representation – correlated positively with performance
in a set of verbal tasks (van Ettinger-Veenstra et al., 2010). In contrast, Everts et al.
(2009) found that stronger language lateralization (also assessed with fMRI) was
associatedwith a higher verbal IQ in 20 adolescents. Similarly, another fMRI study
(N = 78) revealed that stronger leftward asymmetry in the pre-central gyrus and
stronger rightward asymmetry in the cerebellumduringaverbalﬂuency taskwas
correlatedwith a higher number of generated words (Razaﬁmandimby, Tzourio-
Mazoyer, Mazoyer, Maiza, & Dollfus, 2011). In accordance with these ﬁndings,
stronger structural asymmetry in cortical thickness in the inferior and posterior
temporal cortices has been associated with better performance in a vocabulary
task in 215 children and adults (Plessen et al., 2014).
LATERALITY: ASYMMETRIES OF BODY, BRAIN AND COGNITION 219
Two further fMRI studies found – inconsistent with Levy’s hypothesis – that
stronger lateralization is related to both better verbal and spatial performance.
Speciﬁcally, Mellet, Zago, et al. (2014) tested 297 participants on various verbal
and spatial cognitive tasks including, among others, verbal ﬂuency, verbal
memory, and mental rotation. The composite scores of all verbal and spatial
tasks correlated positively with the degree of language lateralization.
However, sex had only been included as a covariate, leaving open whether
this pattern was the same for males and females. Using fMRI, Gotts et al.
(2013) identiﬁed a network lateralized to the left hemisphere, comprising
language areas, and a network lateralized to the right hemisphere, comprising
areas involved in visuospatial and attentional processes. The stronger both
systems were lateralized, the higher were participants’ verbal and perform-
ance IQ. Only males (N = 62) were tested, however.
Groen, Whitehouse, Badcock, and Bishop (2012) examined the relationship
between hemispheric asymmetry and cognitive performance in a sample of
60 typically developing children (aged 6-16). Lateralization of verbal and
spatial functions was determined with a language production and visuospatial
working memory task, respectively, using fTCD. As predicted, the verbal task
was lateralized to the left hemisphere and the spatial task to the right hemi-
sphere. Male children showed slightly stronger rightward lateralization of the
spatial task than female children but there was no sex diﬀerence in perform-
ance. This is inconsistent with Levy’s hypothesis. Groen et al. also speciﬁcally
tested the “crowding hypothesis” and found that children with verbal and
spatial functions lateralized to the same hemisphere performed similarly on
a number of cognitive and language tasks as compared to children who
had both functions lateralized to diﬀerent hemispheres. This is inconsistent
with the “crowding hypothesis” according to which the two functions
should “crowd” the one hemisphere they are lateralized to and result in
poorer performance. In line with the “crowding hypothesis”, however,
Powell, Kemp, and García-Finaña (2012) found that when verbal and spatial
functions were lateralized to diﬀerent hemispheres, performance in verbal
and spatial tasks in the Wechsler Adult Intelligence Scale was higher. Latera-
lization of verbal and spatial functions was determined with a verbal ﬂuency
and line bisection fMRI paradigm, respectively. The sample size was N = 82.
Summary
This section examined a key assumption of Levy’s hypothesis, namely that
hemispheric asymmetry promotes spatial but impedes verbal performance.
The majority of tasks discussed here thus did not reveal cognitive sex diﬀer-
ences and rather probed verbal or spatial abilities, in general. The ﬁndings
across diﬀerent forms of laterality assessment are very heterogeneous but
they show a few clear trends: Firstly, Levy’s ﬁnding of superior spatial and
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verbal performance by right- and left-handers, respectively – the basis of her
hypothesis regarding cognitive sex diﬀerence – is seldom replicated. Sec-
ondly, the work by Boles et al. (2008) emphasizes that even within the
verbal and spatial domain the relationship between hemispheric asymmetry
and cognitive performance is task-dependent. This clearly contradicts the
assumption of a generally beneﬁcial or detrimental eﬀect of laterality for cog-
nitive performance (Levy, 1972). Thirdly, although contradictory ﬁndings exist
(van Ettinger-Veenstra et al., 2010), the bulk of neuroimaging studies rather
suggests that stronger lateralization enhances both spatial (Gotts et al.,
2013; Mellet, Zago, et al., 2014) and verbal performance (Everts et al., 2009;
Gotts et al., 2013; Mellet, Zago, et al., 2014; Plessen et al., 2014; Razaﬁman-
dimby et al., 2011). The enhanced spatial performance would be consistent
with Levy’s hypothesis; the enhanced verbal performance is not: females
are thought to outperform males because they have a bilateral, less lateralized
language representation. Finally, there is also no clear empirical support for
the “crowding hypothesis”, the antecedent of the idea that a more asymme-
trical and bilateral brain organization in males and females, respectively,
would lead to better spatial and verbal performance.
In general, the relationship between hemispheric asymmetry and cognitive
performance is very complex and appears to depend on which cognitive func-
tion or task is assessed, which groups are compared, and how lateralization is
determined. One may argue, perhaps, in Levy’s favour that a strongly latera-
lized brain seems to enhance spatial performance but a bilateral brain does
certainly not enhance verbal performance per se.
Are cognitive sex diﬀerences directly dependent upon sex
diﬀerences in hemispheric asymmetry?
Since the relationship between hemispheric asymmetry and performance
appears to be task-dependent, this section speciﬁcally deals with tasks that
reliably yield a male or female advantage. If Levy’s hypothesis is correct,
then we would expect a dependency between the sex diﬀerences in cognitive
abilities and hemispheric asymmetries. That is, studies that assessed both per-
formance in sex-sensitive cognitive tasks and hemispheric asymmetry should
yield: (1) the typical male/female advantage in a sex-sensitive spatial/verbal
task (= “cognitive criterion”), and (2) stronger hemispheric asymmetry in
males (= “hemispheric asymmetry criterion”). A conservative approach
would additionally require that cognitive performance and hemispheric asym-
metry are correlated but as we will see most studies already fail to conﬁrm the
ﬁrst two criteria.
To verify whether cognitive sex diﬀerences depend upon the sex diﬀerence
in hemispheric asymmetry, we carried out a systematic literature review. To
this end, we identiﬁed studies that included both ﬁndings on males’ and
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females’ cognitive performance in sex-sensitive, cognitive tasks and males’
and females’ degree of hemispheric asymmetry.
Systematic review
We followed the PRISMA guidelines for systematic reviews (Moher, Liberati,
Tetzlaﬀ, & Altman, 2009). ISI Web of Science was searched by combining
each of the following sex-sensitive tasks “mental rotation”, “paper folding”,
“line orientation task”, “embedded ﬁgures”, “water level task”, “verbal
ﬂuency”, “verbal memory”, and “reading performance” with each of the
expressions “asymmetry” and “laterality”. The search was conducted on 6th
March 2017 and yielded 1687 records. In addition, 31 records were identiﬁed
by searching reference lists of relevant articles. Studies that fulﬁlled the follow-
ing criteria were included: (1) Participants completed a sex-sensitive, cognitive
task and performance for both males and females was provided, (2) infor-
mation on hemispheric asymmetry is provided for both males and females,
(3) hemispheric asymmetry was assessed with neuroimaging, electroencepha-
lography (EEG), dichotic listening, or visual-half ﬁeld methods. For reasons
stated above (Ocklenburg et al., 2014), handedness was considered a too
coarse proxy for hemispheric asymmetry. Questions have also been raised
regarding the reliability and validity for dichotic listening and visual-half
ﬁeld techniques (for review Voyer, 1998). Indeed, there are indications that
reliability in these measures can be low (Voyer, 1998). However, there are
also ﬁndings showing that if the right statistical measures are used and if
the studies are designed properly (Brysbaert & D’Ydewalle, 1990; Hunter &
Brysbaert, 2008), reliability and validity are satisfactory. Therefore, studies
employing these methods were included. Studies using other questionable
laterality assessment methods, however, such as asking participants to turn
their heads or eyes to the left or right to activate the right or left hemisphere,
were omitted. Further exclusion criteria were (a) irrelevant ﬁeld (e.g., “asym-
metry” research in geology, palaeontology, physics); (b) irrelevant cognitive
task; (c) clinical, homosexual, or transsexual samples; (d) no presentation of
additional emotional arousal/stimuli to prevent confounding eﬀects of
emotional lateralization (e.g., studies that induce sadness); (e) studies pub-
lished in languages other than English, German or any Scandinavian language;
(f) case studies; (g) review articles. An overview of the article selection process
is provided in Figure 3.
In total, 37 studies were included in the systematic review, comprising data
from 2623 participants (1265 males and 1358 females). Hemispheric asymme-
tries were examined with a wide range of methods including behavioural
assessment (using dichotic listening and the visual-half ﬁeld technique), as
well as EEG and various neuroimaging procedures. The vast majority of
studies examined spatial abilities (n = 31) with a focus on mental rotation (n
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= 25). This is hardly surprising as mental rotation is the largest (Zell et al., 2015)
and arguably the most researched cognitive sex diﬀerence. However, other
abilities/tasks such as line orientation (n = 3), paper folding (n = 3), spatial
memory tasks (n = 3), the Water level task (n = 2), and embedded ﬁgures (n =
2) are also included. In addition, nine studies examined verbal abilities, with
six providing data on verbal ﬂuency, three on verbal memory, and one on
reading skills. Thus, all major sex-sensitive tasks/abilities are included. We
feel that this represents a solid sample upon which conclusions can be based.
Rationale of the systematic review
To evaluate Levy’s hypothesis, we classiﬁed every study as “in line”, “not in line”,
or ”partly in line”with Levy’s hypothesis. “Partly in line” refers to studies where
one ﬁnding supports while another does not support Levy’s hypothesis. For
example, Catani et al. (2007) found that greater bilateral language organization
in femaleswas associatedwithbetter verbalmemory performance – in linewith
Levy’s hypothesis. However, in the same study femaleswere not better in verbal
ﬂuency – not in line with Levy’s hypothesis. A fourth category was “inconclu-
sive”. This refers to studies that neither found a sex diﬀerence in cognitive
tasks nor a sex diﬀerence in hemispheric asymmetry.
Figure 3. PRISMA ﬂow diagram showing the study selection process for the systematic
review.
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We opted for such a classiﬁcation approach, because one could induce
unwanted bias by lumping together all the studies in a traditional, quantitat-
ive meta-analysis. For example, studies employing the visual-half ﬁeld tech-
nique or dichotic listening tend to have larger samples than neuroimaging
studies. This would give them more weight in a meta-analysis even though
neuroimaging certainly allows for more direct assessment of hemispheric
asymmetry. For the same reason diﬀerent neuroimaging laterality measures
such as DTI, fMRI, SPECT, PET, and fTCD felt too diverse to be lumped together.
Nevertheless, to provide a better overview and to disentangle whether
diﬀerent methods yield diﬀerent outcomes, the results are presented in
three separate sections: Behavioural assessment, EEG, and neuroimaging
(see below). A summary of the results can be found in Table 2.
Behavioural assessment
Of the twelve included studies, only one was consistent with Levy’s hypothesis:
S. D. Voyer andVoyer (2015) found the typicalmale advantage inmental rotation
and a stronger right ear advantage in a dichotic listening task, reﬂecting a stron-
ger left-hemispheric specialization for language. Four studies revealed partial
support (Kail & Siegel, 1978; Rilea, 2008a; van der Ham & Borst, 2011; Wegesin,
1998). For example, Kail and Siegel (1978) asked participants to memorize
either digits (interpreted as a verbal memory task) or digit positions (interpreted
as a spatial memory task), presented with the visual half-ﬁeld technique. In line
with Levy’s hypothesis, females were better in the verbal condition and males
showed stronger asymmetry. However, males were better in the spatial con-
dition even though there was no sex diﬀerence in hemispheric asymmetry. It
is also debatable whether both cognitive tasks are sex-sensitive. In another
visual half-ﬁeld study van der Ham and Borst (2011) presented spatial stimuli
and found the expected stronger right-hemispheric involvement in males as
compared to females. In line with Levy’s hypothesis, there was also a trend
towards better male performance in mental rotation, but no sex diﬀerence
emerged in verbal ﬂuency and the paper folding task.
Two studies were inconsistent with Levy’s hypothesis: Both employed the
visual half-ﬁeld technique and found a male advantage in mental rotation but
no sex diﬀerence in hemispheric asymmetry (Dollinger, 1995; Rilea, 2008b).
Two studies were inconclusive yielding neither a sex diﬀerence in mental
rotation nor in hemispheric asymmetry (Jones & Anuza, 1982; Uecker &
Obrzut, 1993) and three studies hadelements ofboth inconclusiveand incongru-
entﬁndings (Chiarello,Welcome,Halderman, Towler, et al., 2009; Rilea et al., 2004;
Voyer, 1995). For example, Chiarello, Welcome, Halderman, Towler, et al. (2009)
assessed hemispheric asymmetry by presenting verbal stimuli in a series of
visual half-ﬁeld tasks and administered standardized reading tests. In two out
of eight visual half-ﬁeld tasks, males yielded a stronger left-hemispheric
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Table 2. Overview of studies that examined sex diﬀerences in sex-sensitive cognitive tasks and hemispheric asymmetry.
Study Participants Age (years)
Laterality
assessment Cognitive task Hemispheric asymmetry
In line with
theory Comments
Allendorfer et al.
(2016)
132 females
108 males
18-76 fMRI, DTI Verbal ﬂuency
females =males
females = males Inconclusive
Badzakova-Trajkov,
Häberling,
Roberts, and
Corballis (2010)
95 females
60 males
M = 25 fMRI Verbal ﬂuency
females =males
females < males (stronger LH
asymmetry in males)
No Stronger asymmetry in males but
no inferior verbal ﬂuency
Beste, Heil, and
Konrad (2010)
55 females
27 males
19-28 EEG Mental rotation
females =males
Females = males Inconclusive
Catani et al. (2007) 20 females
30 males
Not reported DTI Verbal memory
females > males
Verbal ﬂuency
females =males
females < males (stronger LH
asymmetry in males)
Partly Stronger asymmetry in males
corresponds to inferior verbal
memory – but not verbal
ﬂuency
Chiarello, Welcome,
Halderman, and
Leonard (2009)
100 females
100 males
M = 21 MRI & VHF Reading skills
females =males
(one subtest shows
male advantage)
Assessed with VHF: females =
males
(6 out of 8 tasks),
females < males
(2 out of 8 stronger LH
asymmetry in males)
Assessed with MRI
females = males
No,
inconclusive
If any, stronger asymmetry in
males but no inferior reading
skills
Clements et al.
(2006)
15 females
15 males
19-35 fMRI Line orientation
females =males
females > males
(stronger RH asymmetry in
females)
No Unexpected stronger asymmetry
in females and no male
advantage in line orientation
Deutsch, Bourbon,
Papanicolaou, and
Eisenberg (1988)
9 females
10 males
M = 25 PET Mental rotation
females < males
Line orientation
females =males
females < males
(stronger RH asymmetry in
males)
Partly Stronger asymmetry in males
corresponds to better mental
rotation but not line
orientation performance
Dollinger (1995) Younger
adults
9 females,
9 males
Older adults
Younger adults
17-23
Older adults
66-79
VHF Mental rotation
females < males
(across both age
groups, main eﬀect sex)
females = males No Males better at mental rotation
but do not have stronger
asymmetry
(Continued )
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Table 2. Continued.
Study Participants Age (years)
Laterality
assessment Cognitive task Hemispheric asymmetry
In line with
theory Comments
9 females,
9 males
Frings et al. (2006) 10 females
10 males
M = 26 fMRI Object location memory
females =males
females = LH asymmetry
males = RH asymmetry
No Stronger RH asymmetry in males
but no sex diﬀerence in object
location memory
Gootjes, Bruggeling,
Magnee, and Van
Strien (2008)
24 females
23 males
M = 21 EEG Mental rotation
females < males
(in both Flanker
conditions)
No Flanker condition
females = males Flanker
condition
females < males
(stronger RH asymmetry in
males)
Partly Hypothesis only true when
Flanker stimuli presented
Gur et al. (2000) 14 females
15 males
Adults, not
further
described
fMRI Line orientation
females < males
females < males
(stronger RH asymmetry in
males
Yes
Hahn, Jansen, and
Heil (2010)
40 females
40 males
M = 5 EEG Mental rotation
females =males
females < males
(stronger RH asymmetry in
males)
No Stronger asymmetry in males but
no better mental rotation
performance
Halari et al. (2006) 9 females
10 males
20-30 yrs fMRI Verbal ﬂuency females >
males
Mental rotation
females < males
Verbal ﬂuency when each group
analyzed separately females <
males (stronger LH asymmetry
in males) but direct
comparison: females =males
Mental rotation
females = males
No Sex diﬀerences in cognition but
no stronger asymmetry in
males
Hao et al. (2013) 140 females
146 males
20-30 yrs Structural
MRI &
fMRI
Embedded Figures
females =males
females = males Inconclusive
Hattemer et al.
(2011)
10 females
10 males
Not described fMRI, fTCD Mental rotation
females =males
(trend towards better
male performance)
Assessed with fMRI
females < males
(stronger RH asymmetry in
males)
Partly In line with hypothesis but
ﬁndings only show trend in
male mental rotation
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Assessed with fTCD
females = males
(trend towards stronger RH
asymmetry in males
advantage and asymmetry as
assessed with fTCD
Hugdahl, Thomsen,
and Ersland
(2006)
5 females
6 males
M = 30 yrs fMRI Mental rotation
females =males
females = males Inconclusive
Johnson, McKenzie,
and Hamm (2002)
12 females
12 males
20-37 yrs EEG Mental rotation
females =males
(collapsed across all
orientation angles)
females = males
(collapsed across left/right
hand responses
Inconclusive
Jones and Anuza
(1982)
Experiment 1
30 females
30 males
Not reported VHF Experiment 1
Mental rotation
females =males
Experiment 1
females = males
Inconclusive No asymmetry assessment for
Experiment 2
Kail and Siegel
(1978)
18 females
18 males
Student
population
not further
described
VHF Memorizing digits
females > males
Memorizing digit
positions
females < males
Memorizing digits
females < males
Memorizing digit positions
females = males
Partly Stronger asymmetry in males
corresponds to inferior verbal
memory but male advantage
in memorizing positions is not
related to greater asymmetry.
Both tasks are not typical
examples for cognitive sex
diﬀerences.
Papousek,
Murhammer, and
Schulter (2011)
29 females
26 males
18–30 yrs EEG Verbal ﬂuency
females =males
females = males Inconclusive
Pellkofer, Jansen,
and Heil (2014)
62 females
60 males
19–38 yrs EEG Mental rotation
females < males
females > males (stronger LH
asymmetry in females)
No Males better with mental
rotation performance but
females have stronger
asymmetry
Persson et al. (2013) 12 females
12 males
18–35 yrs fMRI Spatial memory
(remembering one’s
position in a labyrinth)
females < males
females = males No Task typically shows male
advantage. Here, too, but no
stronger asymmetry in males
(Continued )
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Table 2. Continued.
Study Participants Age (years)
Laterality
assessment Cognitive task Hemispheric asymmetry
In line with
theory Comments
Ragland, Coleman,
Gur, Glahn, and
Gur (2000)
14 females
14 males
18–43 yrs PET Verbal memory
females > males
females = males No Females have better verbal
memory but males do not
have stronger asymmetry
Rilea, Roskos-
Ewoldsen, and
Boles (2004)
56 females
56 males
17–30 yrs VHF Mental rotation
females =males
Water-Level task
females < males
Paper folding task
females =males
Mental rotation
females < males (stronger RH
asymmetry in males)
Water-Level task
females = males
Paper folding task
females = males
No,
inconclusive
Either no male advantage in
spatial task, no stronger
asymmetry in males, or both
absent (= inconclusive)
Rilea (2008a) Experiment 1
47 females,
47 males;
Experiment
2
50 females,
50 males
Student
population
not further
described
VHF Experiment 1
Mental rotation
females =males
Water-Level task
females < males
Paper f{Jones & Anuza,
1982, p. 2077;Uecker &
Obrzut, 1993,
p. 2135}olding task
females =males
Experiment 2
Mental rotation
females < males
Experiment 1
Mental rotation
females = males
Water-Level task
females = males
Paper folding task
females = males
Experiment 2
Mental rotation
females < males
(stronger RH asymmetry in
males)
Partly Experiment 1 does not ﬁnd
better male performance AND
stronger asymmetry in males,
Experiment 2 supports
hypothesis
Rilea (2008b) 30 females 37
males
18–36 yrs VHF Mental rotation
females < males
females = males No Males better with mental
rotation but no stronger
asymmetry in males
Roberts and Bell
(2002)
Children
16 females
16 males
Adults
16 females
16 males
Children
8 yrs
Adults
M = 19 yrs
EEG Mental rotation 3d
females =males
Mental rotation 2d
females =males
Mental rotation 3d
females = males Mental
rotation 2d
females > males (stronger left
asymmetry in females)
No,
inconclusive
Unexpected stronger asymmetry
in females (2d rotation) and no
male advantage in mental
rotation
Verbal ﬂuency and Water Level
tasks were also performed but
no asymmetry assessment with
EEG for these tasks
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Roberts and Bell
(2003)
16 females
16 males
M = 19 yrs EEG Mental rotation
females < males
females = males No Males better with mental
rotation but no stronger
asymmetry in males
Uecker and Obrzut
(1993)
20 females
20 males
18–21 yrs VHF Mental rotation
females =males
females = males Inconclusive
Unterrainer,
Wranek, Staﬀen,
Gruber, and
Ladurner (2000)
7 females
6 males
21–25 yrs SPECT Mental rotation
females =males
(trend towards better
male performance)
females = males Inconclusive
van der Ham and
Borst (2011)
37 females
38 males
M = 23 yrs VHF Verbal Fluency
females =males
Mental rotation
females =males
(trend towards better
male performance)
Paper Folding Task
females =males
females < males
(stronger RH asymmetry in
males)
Partly Stronger asymmetry in males
corresponds to better mental
rotation performance but not
to better paper folding and
inferior verbal ﬂuency
performance
Voyer (1995) 46 females
46 males
Student
population
not further
described
VHF Mental rotation
females < males
(Reaction times)
females =males
(accuracy)
females = males
(both reaction times and
accuracy)
No/
inconclusive
Faster reaction times in males do
not correspond to stronger
asymmetry in males, accuracy
data is inconclusive
Voyer and Voyer
(2015)
83 females
57 males
17–40 yrs Dichotic
listening
Mental rotation
females < males
females < males
(stronger LH language
asymmetry in males)
Yes
Walter, Roberts, and
Brownlow (2000)
19 females
19 males
18–25 yrs fTCD Mental rotation
females < males
Embedded Figures
females =males
Mental rotation
females > males
(stronger RH asymmetry in
females)
Embedded Figures
females = males
No Unexpected stronger asymmetry
in females although typical
male advantage in mental
rotation, Embedded Figures
data is inconclusive
(Continued )
LA
TERA
LITY:A
SYM
M
ETRIES
O
F
BO
D
Y,B
RA
IN
A
N
D
C
O
G
N
ITIO
N
229
Table 2. Continued.
Study Participants Age (years)
Laterality
assessment Cognitive task Hemispheric asymmetry
In line with
theory Comments
Wegesin (1998) 20 females
20 males
M = 25 yrs EEG, VHF Mental rotation
females < males
Assessed for mental rotation
asymmetry
females = males
Assessed for verbal recognition
asymmetry
females < males
(stronger LH asymmetry in
males)
Partly Asymmetry data from verbal
recognition task in line with
hypothesis, asymmetry data
from mental rotation task does
not support hypothesis
Only data from heterosexual
participants is reported
Wendt and Risberg
(1994)
10 females
9 males
22-35 yrs PET Mental rotation
females =males
females = males Inconclusive
Yu et al. (2009) 12 females
12 males
20-28 yrs EEG Mental rotation
females < males
females > males
(stronger RH asymmetry in
females)
No Unexpected stronger asymmetry
in females although typical
male advantage in mental
rotation
Notes: M =Mean, RH = right hemisphere, LH = left hemisphere, DTI = Diﬀusion tensor imaging, EEG = Electroencephalography, (f)MRI = (functional) magnetic resonance imaging.
fTCD = functional transcranial Doppler sonography, PET = Positron emission tomography, SPECT = Single-photon emission computed tomography, VHF = Visual half-ﬁeld technique
230
M
.H
IRN
STEIN
ET
A
L.
advantage than females. However, this did not translate into better reading skills
in females:Most subtests didnot reveal sexdiﬀerences, except onewhere, in fact,
males performed better. The other six visual half-ﬁeld tasks did not show any sex
diﬀerence in hemispheric asymmetry. Similarly, Rilea et al. (2004) presented
mental rotation stimuli with the visual half-ﬁeld technique and found stronger
asymmetry in males, but no male advantage in mental rotation; in the Water
level test males actually performed better but did not show any stronger asym-
metry. Bothﬁndings are inconsistentwith Levy’s hypothesis. In the Paper Folding
task there was neither a sex diﬀerence in performance nor in hemispheric asym-
metry (= inconclusive).
EEG
Of the ten included EEG studies, none fully supported Levy’s hypothesis. Two
studies yielded at least partial support (Gootjes et al., 2008; Wegesin, 1998).
For example, Gootjes et al. (2008) reported better male than female perform-
ance in mental rotation regardless of whether Flanker stimuli were presented
together with the mental rotation stimuli or not. However, a stronger right-
hemispheric asymmetry in males, as assessed with EEG, only emerged
when the Flanker stimuli were presented (in line with Levy’s hypothesis).
When Flanker stimuli were absent, there was no sex diﬀerence in hemispheric
asymmetry (not in line with Levy’s hypothesis).
Four studies were inconsistent with Levy’s hypothesis. Either males showed
the expected stronger hemispheric asymmetry but no superior mental
rotation performance (Hahn et al., 2010), or males showed the expected
superior spatial performance but there was no sex diﬀerence in hemispheric
asymmetry (Roberts & Bell, 2003) – or in two cases females even had stronger
hemispheric asymmetry (Pellkofer et al., 2014; Yu et al., 2009). Three studies
failed to ﬁnd sex diﬀerences in both hemispheric asymmetry and cognitive
performance (Beste et al., 2010; Johnson et al., 2002; Papousek et al., 2011),
while Jonathan E. Roberts and Bell (2002) had elements of both inconsistent
and inconclusive ﬁndings: Their participants completed two mental rotation
tasks, a 2-dimensional and a 3-dimensional one. In the 3-dimensional task,
there was neither a sex diﬀerence in performance nor in hemispheric asym-
metry (inconclusive), but in the 2-dimensional task females had an unexpect-
edly stronger left hemispheric asymmetry than males – and there was no sex
diﬀerence in performance (not in line with Levy’s hypothesis).
Neuroimaging
Of the seventeen studies that assessed hemispheric asymmetry with neuroi-
maging one is in line with Levy’s hypothesis: R. C. Gur et al. (2000) found that
after a median-split males were overrepresented among the group of “good
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performers” in a line orientation task. Males also showed stronger right-
hemispheric activations as compared to females during this task as assessed
with fMRI. Three studies provided partial support (Catani et al., 2007;
Deutsch et al., 1988; Hattemer et al., 2011). For example, Catani et al.
(2007) reconstructed a direct neural pathway between Wernicke’s and
Broca’s area through the arcuate fasciculus using MR based diﬀusion
tensor imaging (DTI). The less pronounced this direct pathway was in the
left hemisphere (i.e., the more bilaterally language was organized), the
better participants performed on a verbal memory task. Females were over-
represented among those with a more bilateral or weaker language latera-
lization and, accordingly, outperformed males (in line with Levy’s
hypothesis). However, the same males and females performed equally
well on a verbal ﬂuency test.
On the other hand, seven studies yielded results that were inconsistent
with Levy’s hypothesis: In a number of spatial tasks comprising mental
rotation, spatial memory, and line orientation males either showed the
expected stronger right-hemispheric asymmetry but no superior spatial per-
formance (Frings et al., 2006), or showed the expected superior spatial per-
formance but there was no sex diﬀerence in hemispheric asymmetry
(Persson et al., 2013) – or hemispheric asymmetry was in fact stronger in
females (Clements et al., 2006; Walter et al., 2000). When verbal abilities are
considered, one fMRI study found that males were slightly more lateralized
during verbal ﬂuency than females, but both sexes produced a similar
number of words (Badzakova-Trajkov et al., 2010). In turn, Ragland et al.
(2000) found that females remembered more words in a verbal memory
task, but no sex diﬀerences emerged in hemispheric asymmetry as assessed
with PET. Finally, Halari et al. (2006) found both the typical male advantage
in mental rotation and the typical female advantage in verbal ﬂuency.
However, there was no sex diﬀerence in hemispheric asymmetry when
males and females were directly compared using fMRI. None of these
ﬁndings is in line with Levy’s hypothesis.
Six studies using fMRI, DTI, structural MRI, SPECT, and PET in mental
rotation, verbal ﬂuency, reading skills, and the Embedded Figures task
found neither a sex diﬀerence in cognitive performance nor in hemispheric
asymmetry (Allendorfer et al., 2016; Chiarello, Welcome, Halderman, Towler,
et al., 2009; Hao et al., 2013; Hugdahl et al., 2006; Unterrainer et al., 2000;
Wendt & Risberg, 1994). Finally, an fMRI study by O’Boyle et al. (2005) was
not included in the systematic review, because only males were tested. Never-
theless, we found the results of note: Better mental rotation performance was
accomplished with a more bilaterally activated cortical network comprising
parietal and frontal areas – which is inconsistent with Levy’s idea that
greater right-hemispheric asymmetry would facilitate spatial abilities.
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Summary
Regardless of whether the ﬁndings are grouped by method (behavioural, EEG,
or neuroimaging assessment) or domain (spatial/verbal abilities), the empiri-
cal evidence for Levy’s hypothesis is very slim. Only two studies fully sup-
ported it. Eight studies yielded partial support. Leaving aside the
inconclusive studies, thirteen studies showed a pattern that was inconsistent
with Levy’s hypothesis. In many of them there was either cognitive sex diﬀer-
ences or stronger asymmetry in males (Badzakova-Trajkov et al., 2010; Halari
et al., 2006; Rilea, 2008b; Roberts & Bell, 2003). This would suggest that both
phenomena are at least to some extent independent of each other.
A general major concern is low statistical power. To support Levy’s hypoth-
esis, we expected two sex diﬀerences, one in cognitive abilities and one in
hemispheric asymmetry. To ﬁnd a signiﬁcant sex diﬀerences in mental
rotation with 80% power, a sample of 48 participants (24 males and 24
females) is suﬃcient – based on a one-tailed, independent t-test with d =
0.73 (Linn & Petersen, 1985) and α = .05 as calculated with G*Power 3.1
(Faul, Erdfelder, Buchner, & Lang, 2009). To ﬁnd the female advantage in
verbal ﬂuency or verbal memory (ca. d = 0.30) with the same parameters,
one would need already 278 participants in total. The sex diﬀerence in hemi-
spheric asymmetry ranges between d = 0.05 and 0.15 as outlined above. In the
more optimistic scenario (d = 0.15), one would need roughly 1100 participants
in total; with the more conservative d = 0.05 one would need roughly 10000
participants in total. None of the studies that were included in our systematic
review came close to such numbers. Running a design analysis (Gelman &
Carlin, 2014) on Levy’s original dataset from 1969 further illustrates the pro-
blems that arise from drawing conclusions based on small, noisy samples.
As pointed out above a recent meta-analysis with more than 60.000 partici-
pants found IQ diﬀerences between left- and right-handers on the order of
d = 0.07 (Ntolka & Papadatou-Pastou, 2018). This translates roughly into a
diﬀerence of 1.5 IQ points between left- and right-handers - in contrast to
the 13 IQ point diﬀerence reported by Levy (1969). If we take these 1.5 IQ
points as a reasonable estimate for the true eﬀect size – ignoring that
factors other than hemispheric asymmetry might contribute to this diﬀerence
– and enter it together with 4.26 as the standard error (based on Levy’s
reported mean diﬀerence and p-value) in the “retrodesign” function by
(Gelman & Carlin, 2014), we ﬁnd that there is only 6% power to replicate
Levy’s ﬁnding. If a replication study ﬁnds a signiﬁcant eﬀect, there is a 16%
probability that it is in the wrong direction (i.e., showing higher IQs for left-
handers) and the estimated eﬀect will be 7 times too high. Based on those
numbers from the power and design analysis, it is clear that many of the
studies that are included in this systematic review are underpowered and
likely to produce chance ﬁndings that can go in either direction.
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Given the large number of participants that are necessary to reliably detect
a stronger lateralization in males, it is conceivable that studies such as Roberts
and Bell (2003) could be classiﬁed “inconclusive” instead of “not in line with
Levy’s hypothesis”, because the sample size (N = 32) may have been
suﬃcient to ﬁnd a signiﬁcant male advantage in mental rotation but not in
hemispheric asymmetry. On the other hand, one would expect that a study
that was large or lucky enough to ﬁnd the subtle sex diﬀerence in hemispheric
asymmetry should also yield the larger sex diﬀerences in cognitive abilities.
However, several studies that had picked up stronger hemispheric asymmetry
in males did not ﬁnd cognitive sex diﬀerences (Badzakova-Trajkov et al., 2010;
Chiarello, Welcome, Halderman, Towler, et al., 2009; Hahn et al., 2010) or found
sex diﬀerences in only one task but not another (Catani et al., 2007; Deutsch
et al., 1988; Rilea et al., 2004; van der Ham & Borst, 2011). In any case, it is strik-
ing that out of 37 studies only two produce ﬁndings that are fully in line with
Levy’s hypothesis.
In summary, the systematic review comprises data from more than two
thousand participants on a wide array of behavioural and neuroimaging
methods. This provides a comprehensive fundament for drawing conclusions,
but it also makes it challenging to synthesize the data. We opted for a quali-
tative approach to avoid unwanted biases and because it seems suﬃcient to
test whether sex diﬀerences in cognitive abilities are contingent on sex diﬀer-
ences in hemispheric asymmetry. We found a pervasive lack of support for
Levy’s hypothesis, either because the results were not statistically signiﬁcant
or inconsistent with her idea. Nevertheless, this approach has limitations:
The major downside is that it does not allow quantifying the association
between hemispheric asymmetry and cognitive performance. Due to the
general lack of power, we cannot conclude that there is no association
between sex diﬀerences in cognitive tasks and hemispheric asymmetry;
they may well be correlated (see also the general discussion below).
However, Levy’s hypothesis was not that the two phenomena are correlated
but that one causes the other. As we have demonstrated, the presence of cog-
nitive sex diﬀerences does not necessitate the presence of sex diﬀerences in
hemispheric asymmetry and, vice versa, the presence of sex diﬀerences in
hemispheric asymmetry does not necessitate the presence of cognitive sex
diﬀerences.
General discussion
Jerre Levy deserves credit for putting forward an idea that was well-conceived
and novel at the time and that has been stimulating numerous studies for
more than 40 years. Her hypothesis was the starting point for similar theories
that all argue that cognitive sex diﬀerences arise from a sex diﬀerence in
hemispheric asymmetry. The popularity of this idea was fading with evidence
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in the late 1990s that sex diﬀerences in hemispheric asymmetries are very
small. Nevertheless, a comprehensive review that speciﬁcally investigated
whether stronger lateralization in males gives rise to cognitive sex diﬀerences
has been missing. The current review aimed to address this issue and the
bottom line is: In light of the empirical evidence, the idea that males
perform better in spatial tasks and females in verbal tasks because males
have a more lateralized brain is no longer tenable.
Although oversimpliﬁed, it is fair to conclude that if sex diﬀerences emerge,
they tend to be such that males excel in certain spatial and females in certain
verbal tasks. Levy was also correct to assume that males have a more asym-
metric brain organization than females. Converging empirical evidence
reviewed here suggests, however, that the eﬀect is very small with, d =
0.05–0.15 (Guadalupe et al., 2015; Hirnstein et al., 2013; Sommer et al., 2004;
Sommer et al., 2008; Voyer, 1996, 2011). As was pointed out previously (e.g.,
Halpern, 2012; Voyer, 1996), it is hard to see how such a small eﬀect could
underlie the male advantage in mental rotation of d = 1.0 and above in
some studies (e.g., Jansen & Heil, 2010; Peters, 2005). On the other hand, stron-
ger male asymmetry emerges with such a consistency across diﬀerent
methods that it cannot be dismissed. It should also be noted that the vast
majority of studies that investigated sex diﬀerences in hemispheric asymme-
try did not account for hormonal ﬂuctuations (e.g., across the menstrual cycle),
which have been shown to aﬀect lateralization (for review Hausmann, 2017;
Hausmann & Bayer, 2010; Weis & Hausmann, 2010). This would add noise to
the data and the fact that the stronger lateralization pattern in males still con-
sistently emerges is further testimony to the robustness of the eﬀect.
Another strong argument against Levy’s hypothesis is that one of the key
assumptions – namely that stronger lateralization generally enhances spatial
and reduces verbal performance – does not hold. Crucially, many studies ﬁnd
either cognitive sex diﬀerences or stronger asymmetry in males (e.g., Badza-
kova-Trajkov et al., 2010; Chiarello, Welcome, Halderman, Towler, et al.,
2009; Halari et al., 2006; Rilea, 2008b; Roberts & Bell, 2003), suggesting the
two phenomena are at least to some extent independent of each other.
Taken together, sex diﬀerences in hemispheric asymmetry and cognitive
sex diﬀerences may be related, but sex diﬀerences in hemispheric asymmetry
are certainly not the driving force for cognitive sex diﬀerences.
Towards better models
Given the apparent lack of empirical support, why is the idea that hemispheric
asymmetry gives rise to cognitive sex diﬀerences still marketed as a viable bio-
logical explanation these days? As outlined above, one reason could be that a
comprehensive review was missing so far. Our hope is that the present paper
represents the metaphorical ﬁnal nail in the coﬃn. Another reason might be
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the high intuitive appeal of the model. At ﬁrst glance, it may sound pervasive
that if more neural space is devoted to a function, then this function will yield
better results. That is, by “giving up” computational power for spatial tasks in
the right hemisphere females gained extra space for verbal processing and
hence better verbal performance. This may have sound convincing in the
pre-neuroimaging era but it has repeatedly been shown that as task perform-
ance improves, it becomes more automatized and, in fact, fewer brain areas
are involved or those areas involved are less activated (e.g., Haier, Karama,
Leyba, & Jung, 2009).
A further reason for the continuous popularity of Levy’s hypothesis is the
lack of alternatives: With all its empirical shortcomings it is at least a testable
model. Over the last decades, a wealth of studies examined in which areas
cognitive sex diﬀerences exist, under which circumstances they emerge,
and which biological, psychological, and socio-cultural factors aﬀect them.
At the same time huge progress in neuroscientiﬁc methods allowed for in
vivo examination of the brain with high temporal and spatial resolution.
Nevertheless, a better model that could explain the underlying neural mech-
anism of the male advantage in certain spatial and the female advantage in
certain verbal tasks is not in sight. What is needed to develop such model
(s)? We believe that more studies are required that speciﬁcally try to tie neu-
roscientiﬁc to behavioural outcomes. On the one hand, the behavioural
aspects of cognitive sex diﬀerences, particularly for the male advantage in
mental rotation, have been extensively researched. On the other hand,
there is an ever growing literature on sex diﬀerences in the brain on all macro-
scopic and microscopic levels including, for example, structure, function, con-
nectivity, and neurochemistry (for review Cahill, 2006). What is largely missing
are the associations between behaviour and its underlying neural correlates
(see also McCarthy, 2016). There are, of course, a number of neuroimaging
studies that examined sex diﬀerences in tasks such as mental rotation (e.g.,
Halari et al., 2006; Hugdahl et al., 2006; Jordan, Wüstenberg, Heinze, Peters,
& Jancke, 2002; e.g., Semrud-Clikeman, Fine, Bledsoe, & Zhu, 2012), verbal
ﬂuency (Catani et al., 2007; Halari et al., 2006), or across other verbal and
spatial tasks (Gur et al., 2000; Gur et al., 1999; Gur & Gur, 2016; Satterthwaite
et al., 2015; Tunç et al., 2016). However, brain-behaviour associations that
could account for cognitive sex diﬀerences are rare. Structural asymmetry
(Catani et al., 2007) and overall intracranial volumes (Gur et al., 1999) have
been linked to verbal memory as well as spatial and verbal performance,
respectively. In the latter case, spatial and verbal performance was based
on composite scores of diﬀerent verbal and spatial tasks. Likewise, data
from a large-scale neuroimaging cohort revealed diﬀerent connectivity pat-
terns in males and females that are associated with their performance in a
number of cognitive tasks comprising verbal memory and line orientation
(Satterthwaite et al., 2015; Tunç et al., 2016; for review Gur & Gur, 2016).
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These ﬁndings are promising but need corroboration and do not address, for
instance, the well-established sex diﬀerences in mental rotation or verbal
ﬂuency. The neural mechanisms that underlie cognitive sex diﬀerences
remain elusive for the moment.
The relationship between hemispheric asymmetry and cognitive
performance
One could argue that at its core, Levy’s hypothesis is primarily about the
general relationship between lateralization and cognitive performance,
rather than about males versus females who served as proxies for asymmetric
versus bilateral individuals, respectively. Based on existing literature and this
review, it seems that neither the assumption that males/females are good
proxies for an asymmetric/bilateral brain organization, respectively, nor that
bilateral brains promote verbal skills is correct. There is ample evidence,
however, that lateralization and cognitive performance are associated. Yet,
current ﬁndings on the lateralization/cognitive performance association are
very inconsistent and we only have a vague understanding of how exactly
lateralization and cognitive performance are linked. For instance, which
tasks (or group of tasks) are enhanced by an asymmetric or bilateral brain
and what is the underlying mechanism? A fair number of dichotic listening
and visual half-ﬁeld studies have been carried out for which a neurodevelop-
mental model has been proposed (Boles et al., 2008), but this work requires
corroboration – especially from neuroimaging which has now begun to
explore these associations (Gotts et al., 2013; Mellet, Zago, et al., 2014;
Plessen et al., 2014; van Ettinger-Veenstra et al., 2010).
Another issue regarding the lateralization/cognitive performance relation-
ship that needs clariﬁcation is causality. Does the lateralization pattern cause
diﬀerences in cognitive performance or does better or worse cognitive per-
formance lead to diﬀerent laterality patterns? Are both cognitive performance
and lateralization the consequence of other processes? Bishop (2013) raised a
similar issue for the relationship between anomalous language lateralization
and language disorders. Individuals with language disorders such as dyslexia
or selective language impairment frequently show abnormal lateralization
patterns but it is unclear whether lateralization is the “cause, correlate, or con-
sequence” (Bishop, 2013, p. 1302) of language disorders. Bishop (2013) then
provides a number of useful suggestions how the nature of the relationship
can be uncovered, for example, by using longitudinal twin and family
studies. A similar approach would seem fruitful to disentangle the relationship
between asymmetry and cognitive performance.
A third issue is whether the lateralization/cognitive performance relation-
ship is the same for males and females. Levy implicitly assumed this would
be the case: both females and males would show better verbal skills if they
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had bilateral language lateralization. Waber (1976) explicitly stated that sex is
not the important variable but the developmental trajectory of lateralization.
While there is some support for this notion (Boles, 2005; Hirnstein et al., 2014;
Mellet, Zago, et al., 2014), there are also hints that the relationship might be
sex-dependent (e.g., Frings et al., 2006; Hirnstein, Leask, Rose, & Hausmann,
2010). So far, there is no clear consensus.
A ﬁnal issue pertains to the question what is the impact of the small (but
robust) stronger lateralization in males? As pointed out above, even if hemi-
spheric asymmetries are not the driving force, they may still contribute to cog-
nitive sex diﬀerences. In fact, if there are small but robust sex diﬀerences in
hemispheric asymmetry, and if performance in certain cognitive tasks corre-
lates with hemispheric asymmetry, then those cognitive tasks should also
show at least subtle sex diﬀerences. To further elucidate the impact of stronger
lateralization in males, large-scale studies with suﬃcient statistical power are
needed. Studies with small samples produce chance ﬁndings that can go in
either direction and overestimate the true eﬀect size. The problemwith under-
powered studies in psychology and neuroscience has been recognized for a
while (e.g., Button et al., 2013) and several remedies have been put forward
(e.g., Brysbaert & Stevens, 2018; Button et al., 2013; Giner-Sorolla, 2018). Sec-
ondly, the dynamic nature of lateralization needs to be taken more into
account. This does not only pertain to studying the impact of stronger asymme-
try in males but, in general, the relationship between lateralization and cogni-
tive performance. Functional hemispheric asymmetries are not invariant but
change with age (e.g., Cabeza, 2002) and emotional states (e.g., Davidson,
1995; Papousek & Schulter, 2002). As pointed out above, hemispheric asymme-
try has also been found to ﬂuctuate with changes in sex hormone levels (for
review Hausmann, 2017; Hausmann & Bayer, 2010; Weis & Hausmann, 2010).
Several studies already investigated the relationship between hemispheric
asymmetry and cognition, for instance, by testing women in diﬀerent phases
of the menstrual cycle (e.g., Hausmann, Becker, Gather, & Güntürkün, 2002;
Mead & Hampson, 1996; Sanders & Wenmoth, 1998; Weis et al., 2008), but to
date there is no clear pattern with respect to which hormones are crucial and
how lateralization changes. This is in part the result of diﬀerentmethodological
approaches but also because sample sizes are often small to produce stable
results. In general, dynamic changes in hemispheric asymmetry are often over-
looked or deliberately ignored as including them would make study designs
much more complex and costly. However, in order to get a comprehensive
picture of the relationship between lateralization and cognitive performance
in general, and the eﬀect of sex diﬀerences in lateralization on cognitive per-
formance in particular, dynamic changes need to be taken into account
more routinely. Third, when carrying out neuroimaging studies with a focus
on sex diﬀerences several pitfalls need to be avoided (Kaiser, Haller, Schmitz,
& Nitsch, 2009; Rippon, Jordan-Young, Kaiser, & Fine, 2014). For example, sex
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diﬀerences in the brain do not automatically imply that those sex diﬀerences
were inborn. They may have simply arisen from diﬀerent experiences.
Further, cognitive performance needs to be measured directly and cannot
simply be inferred from brain activations.
What other behavioural consequences could arise from the small but robust
sex diﬀerence in hemispheric asymmetry? Another popular theory, originally
proposed by Lansdell (1961, 1962), argued that the more bilateral language
lateralization would make females more resilient to unilateral stroke. That is,
if the left hemisphere is lesioned, the right hemisphere can take over language
functions more easily. However, after reviewing the literature Sommer et al.
(2004) dismissed the idea: “[…] a sex diﬀerence after left-hemisphere lesions
has not been consistently reported and diﬀerences in aphasia after right-hemi-
sphere lesions have never been demonstrated.” (p. 1849). Finally, one could
speculate that the slightly more asymmetric brain organization in males
might facilitate the ability to simultaneously handle two tasks that are latera-
lized to opposite hemispheres. This idea is based on animal research
showing that strongly lateralized chicks (Rogers, Zucca, & Vallortigara, 2004)
and ﬁsh (Dadda & Bisazza, 2006) are better at concurrently performing a fora-
ging task (left-lateralized) and a vigilance task (right-lateralized) than less later-
alized chicks and ﬁsh, respectively. If applied to humans thiswould suggest that
the slightly stronger brain organisation in males might be advantageous when
processing a verbal and a spatial task simultaneously. However, the attempt to
replicate a parallel processing advantage of left- (verbal) and right- (spatial)
hemispheric tasks in males and females has yielded only mixed results so far
(Hirnstein, Hausmann, & Güntürkün, 2008; Lust, Geuze, Groothuis, & Bouma,
2011; Lust, Geuze, Groothuis, van der Zwan, et al., 2011).
Conclusion
Levy’s hypothesis clearly left its mark on the literature but when looking at the
empirical evidence it is time now to abandon the idea and develop new and
better models for the underlying neural mechanisms of cognitive sex diﬀer-
ences. To be able to do so we need more well-designed studies with
suﬃcient statistical power that try to tie behavioural sex diﬀerences to their
underlying neural mechanisms. Moreover, we need to move beyond cognitive
sex diﬀerences and gain a better understanding of the general relationship
between hemispheric asymmetry and cognitive performance. This review
includes a few suggestions of what and how future studies could explore.
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